SI Materials and Methods
The ϕW39 R11C Ref -Plasmid pTMO9 was used as the PCR template with an upstream primer consisting of a NdeI site followed by bases 4-45 of ϕW39 Ref, with the CGC coding for Arg at amino acid 11 changed to GCT to make a Cys substitution. The downstream primer consists of a BamHI site followed by bases 544-561 of the ϕW39 Ref gene in 5ʹ′ to 3ʹ′ orientation. The PCR product was digested with NdeI and BamHI and inserted into pET21A digested with the same enzymes. The resulting plasmid, pEAW933, was directly sequenced to confirm the presence of ϕW39 R11C.
TMO hybrid Ref vector is PTMO8, which encodes the P1 Ref protein in pET21A,
with mutations at I8L, C11R, K13E, V34A, T46S, L47I, N107E, and A115S. It lacks the R86T and A93T mutations found in ϕW39 WT Ref.
Overexpression and Purification of Ref and Ref Variants:
The ϕW39 WT Ref and ϕW39 ΔN59 Ref were purified with procedures using similar growth, induction, cell harvesting, and early fractionation steps as P1 WT Ref.
Both of these over-expression vectors were transformed into BL21(DE3) cells.
Purification entailed polyethyleneimine precipitation, precipitation with (NH 4 ) 2 SO 4 , and chromatography successively using butyl-Sepharose (120 mL CV), Source 15 Q, Source 15S, and Sephacryl S-100 gel filtration columns. This was followed by another butylSepharose (20 mL CV) chromatography step. Before cell lysis, the protease inhibitor Pefabloc SC (Sigma) was added to 0.1 mg/ml final concentration. Concentrations were determined using ProteinCalculator v3.4 calculated extinction coefficients of 2. successively using butyl-Sepharose (120 mL CV), hydroxyapatite, Source 15Q, and SP Fast Flow (GE17-5157-01) columns. These steps were followed by another butylSepharose (20 mL CV) chromatography step. Significant degradation of the protein occurred during the hydroxyapatite step and successive chromatography steps were performed to purify the specific-sized degradation product lacking 47 N-terminal amino acid residues. Electrospray ionization and tandem mass spectrometry were used verify the amino acid position of degradation. Concentration was determined using All proteins were stored in phosphate buffer and the reaction buffer was also a phosphate buffer (50 mM NaPO 4 , 75 mM NaCl, pH 7.5). These proteins were tested both with and without 0.67 µM (concentration given in total molecules) of the single-stranded 150-mer oligonucleotide used in the Ref cleavage assays. To make DSG solutions, 0.9 mg of DSG was dissolved in 50 µL DMSO. Reactions were also run with and without DSG crosslinking agent. The reactions were incubated for 10 minutes at 37 °C prior to the addition of 1 µL cross-linker or compensating DMSO as indicated. After the addition of DSG, the reactions were incubated for another 5 minutes before stopping the reaction with 3 µL of 1M Tris-HCl and 5 µL of 5x cracking buffer (400 mM Tris 80% cation or pH 6.8; 10% sodium dodecyl sulfate; 50% glycerol; 500 mM dithiothreitol; 1% bromophenol blue; 500 mM β-mercaptoethanol). The reactions were heated at 90 °C for 5 minutes before loading 12 µL of each reaction on a 12% SDS-Page gel. The gel was run for 1 hour at 120 mV. 
